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FIBERS HAVING ENHANCED CONCRETE BONDING STRENGTH 

5 

Field of the Invention 

The present invention relates to fibers for reinforcing concrete, and more 
particularly to the use of fibers coated with a concrete bond strength enhancing 
material such as particular glycol ethers or glycerol ethers. 

10 Background of the Invention 

Fibers made from metal, glass, and synthetic materials, such as polyolefins, 
have been employed in concrete, to provide additional tensile strength and to 
reinforce against impact damage and crack propagation, including self-induced 
cracks. Polyolefin fibers, such as polypropylene, tend to be hydrophobic due to 

15 the nature of the material and require a wetting agent to provide a surface tension 
characteristic that allows them to become more easily dispersed within an aqueous 
concrete mix. U.S. Patent 5,399,195 (assigned to Danaklon A/S) described 
polyolefin fibers that were treated with a wetting agent by passing filament 
bundles through lubricant application rollers. The wetting agent could be chosen 

20 from wetting agents normally applied to synthetic fibers to render them 
hydrophilic, such as emulsifiers, surfactants, detergents, and mixtures thereof. 
Examples in the '195 patent included fatty acid esters of glycerides, fatty acid 
amides, polyglycol esters, polyethoxylated amides, non-ionic surfactants and 
cationic surfactants. The prior art fiber coatings, however, are believed by the 

25 present inventors to present some problems in concrete applications. Some 
coating formulations which are derived from ethylene oxide or which contain fatty 
moieties may generate air or cause foaming that, if adjacent the fiber surface, may 
increase the tendency of fiber pull-out during crack formation. Accordingly, a 
novel coated fiber, fiber coating material, and method for modifying the properties 

30 of concrete using a novel coated fiber are needed. 
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Summary of the Invention 

In surmounting the disadvantages of the prior art, the present invention 
provides coated fibers having enhanced concrete bonding strength and improved 
pull-out resistance, and are believed to aid in suppressing the air entrainment 

5 capabilities of the cementitious mix into which the coated fibers are admixed. 
Fibers, preferably made of polypropylene, are coated with a material selected from 
particular glycol ethers, having at least three carbon atoms in an oxyalkylene 
group, and glycerol ethers. A preferred glycol ether fiber coating material is di- 
propylene glycol-t-butyl ether; while a preferred glycerol ether fiber coating is di-t- 

10 butvl glycerol. An exemplary method of the invention for modifying the 
properties of a concrete comprises adding to a concrete, mortar, or cement mix, in 
an amount of 0.05 to 10% weight, and more preferably an amount of 0.1 to 5%, 
based on the total dry weight of cement, fibers having a coating material 
mentioned above; and mixing the resultant mix. The present invention also 

15 pertains to cementitious compositions comprising the above-described coated 
fibers. 

Detailed Description of Exemplary Embodiments 

The terms "paste", "mortar" and "concrete" are terms of art: pastes are 
mixtures composed of a hydraulic cement binder (usually, but not exclusively, 

20 Portland cement, Masonry cement, or Mortar cement, and may also include 
limestone, hydrated lime, fly ash, blast furnace slag, and silica fume or other 
materials commonly included in such cements) and water; mortars are pastes 
additionally including fine aggregate; and concretes are mortars additionally 
including coarse aggregate. "Cementitious" compositions of the invention may be 

25 formed by mixing required amounts of certain materials, e.g., a hydraulic cement, 
water, and fine or coarse aggregate, as may be desired, with coated fibers as 
hereinafter described. 

A method of the present invention for modifying the properties of a 
concrete comprises: adding to a concrete, mortar, or cement mix, in an amount of 
30 0.05 to 10% weight based on the total dry weight of cement, fibers having a coating 
material selected from the group consisting of glycol ether and glycerol ether; 
mixing the resultant mix to obtain a concrete, mortar, or paste mix in which the 
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individual fibers are homogeneously distributed; and casting the mix into a 
configuration. More preferably, the addition amount of coated fiber is 0.1-5%, and 
more preferably 0.5-2%, based on the total dry weight of cement. The term 
"configuration" means and refers to a wall, floor, panel, block, paver, or other 
5 component of a building or civil engineering structure, such as a building, parking 
garage, bridge deck, tunnel, and the like, which is formed by cast concrete. The 
coated fibers of the invention may also be used in mortars. 

Exemplary fibers of the invention comprise steel, glass, carbon fiber, 
cellulose, rayon, or synthetic materials such as polyolefins, nylon, polyester, and 

10 acrylics. Polyolefins such as polypropylene are preferred. Polypropylene fibers 
may be in monofilament, collated fibrillated, ribbon form, or have other shapes 
and come in an array of various sizes and dimensions. Fibers may also be bundled 
using mechanical or chemical means, or may even be introduced into cementitious 
compositions using special packaging technology (See. e.g., U.S. Patent 5,224,774 

15 of W. R. Grace). Fibers of the invention may be coated during or after the fiber 
manufacturing process using known methods. 

Exemplary coated fibers of the present invention are coated with a glycol 
ether having the formula; 

RO(AO) n -H 

20 wherein R comprises G-C7 alkyl group or C5-C7 cycloalkyl group; A comprises a 
C3-C4 alkylene group; O is oxygen; n represents an integer 1 through 10, and H is 
hydrogen. The AO groups (e.g., "oxyalkylene") forming the chain of such glycols 
may contain a single type of alkylene ether group or a mixture of alkylene ether 
groups which may be in block or random arrangement. The present invention 

25 contemplates that an oxyalkylene group will have at least three carbon atoms. 
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Preferred glycol ethers are: 

di-propylene glycol-t-butyl ether, having the formula 

CH) K K H H 

I II II 
CH3-C-O-C-C-O-C-C-OH 

I II II 
CH 3 H CH 3 H CH 3 



di-propylene glycol-n-butyl ether, having the formula 

10 H H H H 

II II 

CH 3 -CH 2 -CH 2 -CH 2 -0-C-C-0-C-C-OH 

I I I I 

H CH 3 H CH 3 ; and 
15 di-propylene glycol-n-propyl ether, having the formula 

H H H H 

II II 
CH 3 -CH 2 -CH 2 -C-C-C-C>-C-C-OH 

II II 

20 H CHj H CH 3 

Other exemplary coated fibers of the present invention are coated with a 
glycerol ether having the formula: 

CH 2 -(AO)x-ORi 

25 I 

CH 2 -(AO) r OR2 
I 

CH2-(AO)z-OR3 

30 wherein Ri, R2, and R3 are hydrogen or a Q-Cu alkyl group, at least one of said Ri, 
R2, and R3 comprises a C1-O4 alkyl group; A is a C2-C4 group; and x, y, and z are 
integers from 0-10. 



35 



A preferred glycerol ether is di-t-butyl glycerol, having the formula 
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CH 2 -0-QCH3)3 
I 

CH2-OH 

5 I 

CH2-0-C(CH 3 ) 3 

The invention is further illustrated by the following, non-limiting examples. 

Example 1 

This example illustrates the relative air entrainment performance of an 

10 ethylene glycol, namely, triethylene glycol monobutyl ether (available from Union 
Carbide under the name "butoxytriglycol"), which is chemically similar to a 
known wetting agent, polyethylene glycol-lauryl ether (See e.g., Col. 8, 11. 10-12, 
US 5,399,195) in comparison to di-propylene glycol-t-butyl ether as contemplated 
in the present invention. A control sample mortar was made using 2% by weight 

15 of an air entrainer (based on the dry weight of cement). The air entrainer is 
available from W. R. Grace & Co.-Conn., Cambridge, Massachusetts, under the 
name DARAVAIR® 1000. A second mortar sample was prepared using triethylene 
glycol monobutyl ether ("butoxytriglycol") in an amount of 2% (c wt). A third 
mortar sample was prepared containing di-propylene glycol-t-butyl ether 

20 ("DPTB") also in an amount of 2% (c wt.). The samples were mixed for nine 
minutes, and air content was determined in accordance with ASTM C185 (1994). 
The results are summarized in the following table and demonstrate that the 
ethylene glycol ("butoxytriglycol") entrained air in an amount similar to the 
control sample. However, sample 3 containing DPTB surprisingly demonstrated 

25 nearly two-thirds less entrained air. 



Table 1 





Sample 


Entrained Air fASTM CI 85 1994) 








1 


Control 


24% 


2 


Butoxytriglycol 


20% 


3 


DPTB 


7% 



Example 2 
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This test measured the pull-out resistance of various coated fibers. 
Polypropylene fibers having a length of two (2) inches and a diameter of 0.0255 x 
.0395 inches were used to make three samples. Sample 1 comprised 
polypropylene fibers having a coating comprising polyethylene glycol mono 
laurate ("PEG mono laurate"), an ester having about 400-500 molecular weight. 
Sample 2 was prepared by coating another identical number of the polypropylene 
fibers with butoxytriglycol. Sample 3 was prepared by coating another identical 
set of fibers with di-propylene glycol-t-butyl ether ("DPTB"). The two-inch fibers 
were coated by dipping into the coating materials, allowed to air dry, and then the 
coated portion was embedded into identical cement pastes (slurry) such that the 
embedded length of the fibers was one inch. The cement was allowed to cure for 
24 hours at 100% relative humidity. The three samples were tested in an Instron 
1011 which measured the load (in pounds) needed to displace the fibers from the 
cement, Pull-out resistance, or bond strength (psi), was calculated by determining 
the average peak load required to displace the fibers, and dividing this by the 
average surface area of fiber contacting the cementitious matrix. The following 
table summarizes the relative bond strengths computed for each of the three fiber 
samples. 

Table 2 



Sample 


Fiber Coating Material 


Peak Load 


Averaee Load 1 


Bond Strength 






ObsJ i 




1 


PEG mono laurate 


2.90 








PEG mono laurate 


2.00 








PEG mono laurate 


Z92 


161 


12.48 


2 


Butoxytriglycol 


2.40 








Butoxytriglycol 


2,60 








Butoxytriglycol 


2.80 








Butoxytriglycol 


2.20 








ButoxytriKlycol 


3.90 


2.72 


13.02 


3 


DPTB 


2.80 








DPTB 


3.60 








DPTB 


3.00 








DPTB 


3.40 


3.2 


15.32 



Sample 1 demonstrated a bond strength of 12.48 psi (with a standard 
deviation of 0.53). Sample 2 demonstrated a similar bond strength of 13.02 psi 
(with a standard deviation of 0.54). However, Sample 3, which involved di- 
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propylene glycol-t-butyl ether ("DPTB") as the coating material demonstrated a 
comparatively enhanced bond strength of 15.32 psi (standard deviation of 0.37). 

The foregoing examples are provided for illustration only and are not 
intended to limit the scope of the invention, as claimed. 
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We claim: 

1. A method for modifying the properties of a concrete comprising: 
adding to a concrete, mortar, or cement mix, in an amount of 0.05 to 10% by 
weight based on the total dry weight of cement, fibers having a coating material 
5 selected from the group consisting of a glycol ether and a glycerol ether, mixing 
the resultant mix to obtain a concrete, mortar, or paste mix in which the individual 
fibers are homogeneously distributed; and casting the mix into a configuration; 
said glycol ether having the formula 

RO(AO) n -H 

10 wherein R comprises C1-C7 alkyl group or a C5-C7 cycloalkyl group; A comprises a 
C3-C4 alkyiene group; O is oxygen; n represents an integer 1 through 10, and H is 
hydrogen; and said glycerol ether having the formula: 

CH 2 -(AO)x-ORi 
I 

15 CH 2 -(AO» r OR 2 

I 

CH 2 -(AO) r -OR3 

wherein Ri, R2, and R3 are hydrogen or a G-C14 alkyl group, at least one of said Ri, 
R2, and R3 comprises a Ci-Cw alkyl group; A is a C2-C4 group; and x, y, and 2 are 
20 integers from 0-10. 

2. The method of claim 1 wherein said fibers comprise a material 
selected from the group consisting of steel, glass, acrylics, and poiyolefins. 

3. The method of claim 1 wherein said fibers comprise polypropylene. 

4. The method of claim 3 wherein said fiber coating material comprises 
25 a glycol ether selected from the group consisting of di-propylene glycol-t-butyl 

ether, di-propylene glycol-n-butyl ether, and di-propylene glycol-n-propyl ether. 

5. The method of claim 4 wherein said glycol ether comprises 
comprises di-propylene glycol-t-butyl ether. 

6. The method of claim 4 wherein said fiber coating material comprises 
30 a glycerol ether having the formula: 
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CH 2 -(AO)x-ORi 
I 

CH 2 -(AO) r OR 2 
I 

5 CH 2 -(AO)z-OR3 

wherein Ri, R2, and R3 are hydrogen or a G-Cm alkyl group, at least one of said Ri, 
R 2 , and R3 comprises a G-G4 alkyl group; A is a C2-C4 group; and x, y, and z are 
integers from 0-10. 

7. The method of claim 6 wherein said glyerol ether is di-t-butyl 
10 glycerol, and said fibers comprise polypropylene. 

8. Coated fibers for modifying the properties of a concrete comprising: 
a plurality of fibers coated with a material selected selected from the group 
consisting of a glycol ether and a glycerol ether; said glycol ether having the 
formula 

15 RO(AO)„-H 

wherein R comprises C1-C7 alkyl group or C5-C7 cycloalkyl group; A comprises a 
C3 - Q alkylene group; O is oxygen; n represents an integer 1 through 10, and H is 
hydrogen; and said glycerol ether having the formula: 

CH 2 -(AO)*-ORi 

20 I 

CH 2 -(AO) r OR 2 
I 

CH 2 -(AO)z-OR3 

wherein Ri, R 2 , and R3 are hydrogen or a G-G4 alkyl group, at least one of said Ri, 
25 Rz, and R3 comprises a Q-Cu alkyl group; A is a G-Q group; and x, y, and z are 
integers from 0-10. 

9. The coated fibers of claim 8 wherein said fiber coating material 
comprises a glycol ether selected from the group consisting of di-propylene glycol - 
t-butyl ether, di-propylene glycol-n-butyl ether, and di-propylene glycol-n-propyl 

30 ether. 

10. The coated fibers of claim 9 wherein said fiber comprises 
polypropylene and said fiber coating material is di-propylene glycol-t-butyl ether. 

-9- 
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11. A cementitious composition comprising a hydraulic cementitious 
binder, water, a fine aggregate, and a fiber coated with a material selected from the 
group consisting of a glycol ether and a glycerol ether; said glycol ether having the 
formula 

RO(AO) n -H 

wherein R comprises C1-C7 alkyl group or C5-C7 cycloalkyl group; A comprises a 
C3 - Q alkylene group; O is oxygen; n represents an integer 1 through 10, and H is 
hydrogen; and said glycerol ether having the formula: 

CH2-(AO)*-ORi 
I 

CH 2 -(AO)y-OR2 
I 

CH 2 -(AO)z-OR3 

wherein Ri, R2, and R3 are hydrogen or a C1-G4 alkyl group, at least one of said Ri, 
R2, and R3 comprises a G-C14 alkyl group; A is a C2-C4 group; and x, y, and z are 
integers from 0-10. 



.10- 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US97/14426 



A. CLASSIFICATION OF SUBJECT MATTER 

1PC(6) :C04B 16/06; D02O 3/00 
USCL : 106/711; 428/375 

Accordin g to International Patent Classification (IPC) or to both national class ificaticn and IPC 

a FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 106/711. 661. 666, 802; 428/375, 378. 379,392. 395 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 

Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
NONE 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document with indication, where appropriate, of the relevant pasaages 


Relevant to claim No. 


A 
A 


US 5,224,774 A (VALLE ct al.) 06 July 1993, abstract, col. 1, lines 
55-65 and col. 4, lines 33-52. 

US 5,399,195 A (HANSEN et al) 21 March 1995, abstract, col. 3, 
lines 4-64 and col. 7, line 53 through col. 8, line 68. 


1-9 
1-9 


| | Furtr 


ter documents are listed in the continuation of Box C |~ | See patent family annex. 


Sfl-ek , ^on- 0 f C iud doouaiaatB: *T* Utar documatu publubad aftar tha ictmbaail filkn data or priority 
SoaetaJ ctagonaa c«a ooou-mn. <!*• a*d oot m conflict with tfca tppteioa but citad to oochntud 
-A* coanooot deTttmf tha lanaral attta of lha art which » not eowtdarad 0m principle or thaory undarlytna, tha tnvcntkm 
to bo or particular r»kr«no» 

t ± A . . .... ^ "X* doeuBtat of particular ralavanca; tha ctuaod mtacboo coot ba 

•E* aarbar docuniont prtbabad oa or afWr tha mtaroatKJcal Idm*. data comidarad oov«l or cannot b« comidarad to tnvohrt in invontir* ttap 
•f docujo«* which m*y throw doubti oo priority cUim(i) or which « wh*o tha doauaaoi ii takao alooa 

^Tr^t Z^ST*" t"**™***** 00 *"*" -Y- doournant of reticular raUvanca; tha ebn.ad br«boo oaooot ba 
■pacta! raaaon (at apaotfiaaj oonaidarad to onoWa to tnvaotiva tup whaa tha domast m 
•O- doewmad rafarrim to an oraJ dtaokoaara. uaa. aahibitioo or othar oorabioad with ooa or aora othar tucfa documntt. audi ooabinarinn 
m€mJ baaaf obvioua to a paraon «ktUa4 in tha art 

•p* doouataot publithad prior to tba tntarnatiocal fihnj dal* but kiar than document at am bar of tba unit pataol family 


Date of the actual completion of the international search 

13 NOVEMBER 1997 


Date of mailing of the international search report 

0 2 DEC 1997 


Name and mailing address of the ISA/US 
Commissioner of rttcoU ud Trademarks 
BojcPCT 

Washington, D.C 20231 
Facsimile No. (703) 305-3230 


Authorized fl^. ^~^2LjP1'^* 

JILL m. m^[^^p\ 
Telephone No. (703) 308-065 1 



Form PCT/ISA/210 (second sheetXiuly 1992)* 



